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DETERMINING THE POSITION AND
ANGULAR ORIENTATION OF FOOD
PRODUCTS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 60/640,282 filed Dec. 30, 2004.

TECHNICAL FIELD

The present invention relates generally to equipment and
techniques for processing work pieces, such as food products,
and more particularly to determining the angular orientation
ol a food product relative to a reference direction to facilitate
processing of the food product.

BACKGROUND

Food products are cut or otherwise divided into smaller
portions by processors 1n accordance with customer needs.
Also, excess fat, bone or other foreign or undesirable mate-
rials are routinely trimmed from the food products. Much of
the portioning/trimming of the food products, 1s now carried
out with the use of high-speed portioning machines. These
machines use various scanmng techniques to ascertain the
s1ze and shape of the food product as 1t 1s being advanced on
a moving conveyor. This information 1s analyzed with the aid
of a computer to determine how to most efficiently portion the
tood product into the desired sizes, weights, or other criteria
being used. For example, 11 the food product portions of a
specific weight are desired, the information from the scanner
may be employed to control the operation of a cross-cutting,
device to cut the food product into desired sizes. If the food
product changes 1n width or thickness along its length, the
location of a cross-cut made 1n the food product to achieve a
desired end portion weight may be controlled.

The scanning of food products and the use of the scanning
data to analyze the food products and determine how to cut,
slice, or otherwise process the food products 1s facilitated 11
the food products are all aligned in the same direction. The
reason for this 1s that portioning of a food product, such as
fish, poultry or meat, 1s carried out in relationship to the shape
of the food product. For example, fish strips are cut perpen-
dicular to the long axis of the fish fillet. Beef tip-steaks are cut
from two dimensions at approximately right angles deter-
mined by the edges of the roughly triangular input product.
Further, chicken sandwich portions and nuggets are cut from
whole chicken breasts with regard to the left-right symmetry
relative to the keel of the breast. If the food products are
carefully placed on the infeed belt with all of the food prod-
ucts having the same orientation, then the software used to
determine how to portion the food product only needs to
establish food product location 1n one direction, 1.e., trans-
verse to the length of the conveyor belt. For food products,
achieving such alignment 1s difficult. It requires close atten-
tion by loading personnel, which 1s not always feasible or
realistic.

SUMMARY

This summary 1s provided to introduce a selection of con-
cepts 1n a simplified form that are further described below 1n
the Detailed Description. This summary 1s not imtended to
identily key features of the claimed subject matter, nor 1s 1t
intended to be used as an aid 1n determining the scope of the
claimed subject matter.
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A system for trimming and/or portioning food products
includes a scanner for scanning the passing food product and
a data processor for processing the data from the scanner to
establish the location and thickness profile of the food prod-
uct. To facilitate determining how to trim/portion the food
product, the data processor 1s programmed to determine the
location and angular orientation of the food product relative
to a reference line by making one or more determinations
from the scanning data. In this regard, the orientation of the
principal axis of the food product may be determined by
establishing the line of least inertia from the second moment
of the volume or area distribution of the food product. Also,
directional lines can be determined from notches, and/or pro-
jections, and/or other physical features located on the food
product corresponding to physical characteristics of the food
product. A directional line 1n addition can be determined from
the scanning data corresponding to a linear depression
extending along the food product wherein the direction of the
depression 1s geometrically related to the food product. The
computer may be programmed to combine two or more of
these determinations to arrive at the angular orientation of the
food product.

Also the computer may be programmed to assign relative
values to the determinations of the axis/directional lines,
which valuations are taken into consideration to arrive at a
“best determination” of the position and angular orientation
of the food product. The valuations of the axis/directional
lines can be based on experience as to which of the axis/
directional lines historically has provided the most accurate
indication of the actual angular orientation of the food prod-
uct.

The system can be used to trim, portion, or otherwise
process various food products, for example, poultry breasts.
In this regard, the poultry breasts are scanned, and the scan-
ning data 1s used by a computer to generate the area distribu-
tion and/or volume distribution of the poultry breasts, as well
as the location of the poultry breast on a moving conveyor.
The scanning data 1s also used to determine the direction of
one or more directional lines related to the axis of symmetry
(direction of the keel valley) of the poultry breasts. These
directional lines may be determined from, for example, the
line of least inertia of the poultry breasts calculated from the
second moment of the area or volume distribution of the
poultry breasts. A directional line can also be established
from a line extending between the neck notch to the tail
projection of the poultry breasts. In addition, a directional line
can be determined by locating a linear depression formed 1n
the poultry breast corresponding to the location of the keel
cartilage of the poultry breast. These various directional axis
lines can be combined by mathematical techniques, which
techniques may include assigning relative values to the direc-
tional axis lines based on the expected or perceived accuracy
of the directional lines.

Once the location and angular orientation of the poultry
breast 1s determined, the poultry breast can be processed. In
this regard, cutting devices can be used to remove the keel
cartilage from the poultry breast. In addition, fat and other
waste can be trimmed from the poultry breast. These process
operations can be accurately carried out without the poultry
breast having to be precisely positioned on the conveyor,
either transversely to the width of the conveyor or angularly
relative to the length of the conveyor. Further, with the loca-
tion and angular orientation of the poultry breast known, the
computer can be used to determine how to divide the poultry
breast into portions of desired sizes. In addition or in the
alternative, cutting and slicing and other devices can be used
to portion the poultry breast to end portions of desired sizes.
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DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advan-
tages of this invention will become more readily appreciated
as the same become better understood by reference to the
tollowing detailed description, when taken 1in conjunction
with the accompanying drawings, wherein:

FIG. 1 1s a schematic view of a disclosed embodiment;

FI1G. 2 15 a flow diagram of a disclosed embodiment;

FIG. 3 illustrates various directional lines used to deter-
mine the location and direction of the keel line in a poultry
breast:

FIG. 4 1s a plot 1llustrating the determination of the princi-
pal axis from the least moment of 1nertia of a poultry breast;

FIG. 5 1s aview similar to FIG. 4, estimating the location of
the keel line from the principal axis; and

FIG. 6 1s a plot of determined directional lines correspond-
ing to the angular orientation of a poultry breast.

DETAILED DESCRIPTION

FIG. 1 schematically illustrates an embodiment of the
present invention, designated as system 10. System 10
includes a conveyor 12 for carrying food products (poultry
breasts) 14a, 145, 14¢ (collectively referred to as food prod-
uct 14). The system 10 also includes a scanning system 16 for
scanning the food product 14 as the food product passes by on
the conveyor. Although only one conveyor 12 1s 1llustrated,
system 10 may utilize more than one conveyor, for example a
loading conveyor, a processing conveyor, and an unloading
conveyor. The system may also include a cutting device 18
located downstream from the scanming system 16 for trim-
ming the food product and/or cutting the food product 1nto
one or more end pieces of desired sizes or other physical
parameters. The cutting device may also be used to remove
cartilage or bones from the food product, for example, the
keel cartilage 19 from a poultry breast 14, shown 1n FIG. 3.
The system 10 may further include a slicing device 20 located
as 1llustrated downstream from the cutter. The slicer instead
may be located upstream from the cutting device. In addition,
other processing equipment may be utilized in addition to or
in lieu of cutting device 18 and/or slicing device 20. Such
equipment may be used for a wide range of processes, includ-
ing for example, cooking, steaming, frying, baking, roasting,
orilling, boiling, battering, {reezing, marinating, rolling, tlat-
tening, drying, dehydrating, tenderizing, cutting, portioning,
trimming, slicing, deboning, diverting, or ofi-loading the
tood product. The conveyor 12, the scanning system 16, the
cutter 18, the slicer 20, as well as other processing equipment
are coupled to, and controlled by, a computer or data proces-
sor 22.

Referring to FIG. 2, using system 10 to portion a food
product, beginning at 100, the scanning system 16 scans the
tood product 14 at 102 to produce scanning information rep-
resentative of the food product, and forwards the scanning,
information to the computer/processor 22. The computer 22
analyzes the scanning data to locate the food product relative
to the conveyor and develop a thickness profile of the scanned
food product. The processor at 104 also develops an area
and/or volume distribution of the scanned food product. The
computer can model the food product at 106 to determine how
the food product might be trimmed and/or portioned 1nto end
product sets composed of one or more end product portions of
specific physical criteria including, for example, weight,
shape, thickness, length or width. Data as to desired end
product sets may be retrieved at 108 from the computer
memory. In this regard, the computer takes into consideration
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that the food product may be sliced to thickness, tlattened, or
processed 1n other ways after the food product has been
portioned by the cutter 18. In addition, the computer factors in
any defects found in the food product during the scanning
process.

The computer at 110 determines the angular orientation of
the food product using information about the physical char-
acteristics of the food product, and with this information as
well as the modeling of the food product, the computer at 112
determines how the food product may be trimmed, cut and/or
portioned 1into one or more end product sets. The computer at
114 then controls the cutter to trim the food product and/or cut
the food product according to the selected end product set.
The computer at 116 may also control the further processing
of the food product to arrive at the end 118 of the processing.

Knowing the angular orientation and location of the food
product 1s 1mportant because portioning of food products,
including food products, 1s carried out 1n relationship to the
shape of the food product. If the angular orientation and
location are not ascertainable by the scanning/processing sys-
tem, then 1t 1s necessary that the food product be loaded on the
conveyor 1n perfect alignment along the length of the con-
veyor and 1n the same angular direction so that the portioning
program only needs to establish the food product location 1n
one dimension, 1.e., along the length of the conveyor. How-
ever, loading the food product 1n exact longitudinal alignment
(for example, along the center line of a conveyor) on the
conveyor and/or 1n the same exact direction for every work-
piece requires close attention by loading personnel, and thus
1s difficult to achieve. I1 the location and angular orientation
of the workpiece can be ascertained by the scanning/process-
ing system, then it 1s possible to load the workpieces at a faster
rate thereby increasing the throughput of the system.

Knowledge of the angular orientation of the food product
can also be useful to the computer 1n modeling the food
product. ITthe food product has characteristic bones, cartilage
or other features, the software used to model the food product
may reference from such feature. For example, the modeling
of poultry breasts can be begun from the keel channel where
the breast keel cartilage 1s located.

Describing the foregoing system 1n more detail, the com-
puter 22 includes a central processing unit 24 (hereimnafter
CPU) and a memory unit 26. Data consisting ol physical
and/or anatomical features of different types of food products
can be stored in the computer memory 26. Also, data consist-
ing of desired end product shapes can also be stored 1n the
computer memory 26. The data stored in the computer
memory can be readily selected by the user via user itertace
28, for example, when changing product lines. For instance,
system 10 may be used for processing chicken breasts for a
particular customer. When the order for the customer 1s filled,
the user may switch the mode of the computer to a different
food product having different physical/anatomical features.
The computer 22 also includes an output device 30 usable to
display or print data, information, or 1mages related to the
processing of the food product.

As shown 1n FIG. 1, the computer 22 can be 1n communi-
cation with a network system 32 which allows the computer
to talk to and share information with other computers. As
noted above, computer 22 can also drive other peripheral
hardware besides the scanning system 16. For example, com-
puter 22 can direct the operation of the conveyor 12, cutting
device 18, slicer 20, as well as other processing apparatus that
may be utilized. Further, the computer 22 can recetve nfor-
mation from various sensors, including encoder 34 to guide or
direct a multitude of systems.
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The conveyor 12 carries the food product 14 beneath the
scanning system 16. The scanning system 16 may be of a
variety of different types, including a video camera 36 to view
the food product 14 1lluminated by one or more light sources
38. Light from the light source 1s extended across the moving
conveyor belt 40 to define a sharp shadow or light stripe line,
with the area forwardly of the transverse beam being dark.
When no food product 14 1s being carried by the infeed
conveyor 12, the shadow line/light stripe forms a straight line
across the conveyor belt. However, when a food product 14
passes across the shadow line/light stripe, the upper, irregular
surface of the food product produces an irregular shadow
line/light stripe as viewed by a video camera 36 directed
diagonally downwardly on the food product and the shadow
line/light stripe. The video camera detects the displacement
of the shadow line/light stripe from the position 1t would
occupy 1f no food product were present on the conveyor belt.
This displacement represents the thickness of the food prod-
uct along the shadow line/light stripe. The length of the food
product 1s determined by the distance of the belt travel that
shadow line/light stripes are created by the food product. In
this regard, encoder 34 1s integrated into the infeed conveyor
12, with the encoder generating pulses at {ixed distance inter-
vals corresponding to the forward movement of the conveyor.

In lieu of a video camera, the scanning station may instead
utilize an x-ray apparatus for determining the physical char-
acteristics of the food product, including 1ts shape, mass, and
weight. X-rays may be passed through the object in the direc-
tion of an x-ray detector (not shown). Such x-rays are attenu-
ated by the food product in proportion to the mass thereof.
Scanner system 16 includes a generator 36 to irradiate the
food product 14 to be scanned with x-ray radiation and a
receiver 38 to recerve the attenuated radiation. The receiver
portion 38 can be integral with the generator 36.

Attenuation of the x-rays can occur by passing through the
tood product or by reflection from the food product. When
radiation passes through the food product, a certain amount of
radiation 1s absorbed by the food product through which 1t
passes, therefore there will be a relationship 1n the amount
between the radiation sent to the food product and the radia-
tion recerved after 1t has passed through the food product. The
cause ol absorption 1s believed to reside 1n the chemical bonds
within the molecules of the food product. Radiation once
attenuated can be collected, and converted into a usable form.
Photodiodes, for example, may be used to convert an amount
of radiation 1n the visible range into a voltage or current
signal. For x-rays, a scintillating material may be used to
generate visible light capable of detection by a photodiode.
This method 1s described 1n U.S. Pat. No. 3,585,603 to Voge-

ley, Jr., which 1s incorporated herein by reference.

Although the foregoing description discusses scanning by
use of a video camera 30 and light source 32, as well as by use
of x-rays, other three-dimensional scanning techniques may
be utilized. Examples of additional techmques may include
ultrasound or moire fringe methods. In addition, electromag-
netic imaging techniques may be employed. Thus, the present
invention 1s not limited to use of video or x-ray methods, but
encompasses other three-dimensional scanning technologies.

The data and information measured/gathered by the scan-
ning device(s) 1s transmitted to the processor 22, which
records the location of the food product 14 on the conveyor
12, both transversely and longitudinally relative to the con-
veyor, as well as the length, width and thickness of the food
product about the entire area of the food product. With this
information, the processor can develop an area map, an area
profile as well as a volume profile of the food product. Know-
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6

ing the density of the food product, the processor can also
determine the weight of the food product or segments thereof.

The scanning information can also be used to ascertain
whether there are any defects 1n the food product. Such
defects might include tears, holes, fat, bone, or cartilage. For
example, 1 an x-ray apparatus 1s utilized, 11 a hole or tear
exists, the x-rays will be attenuated to a lesser extent than 1f
the food product was structurally intact. Also, for food prod-
ucts composed of raw meat, the density of fat, bones, and
cartilage 1s different from the density of the meat. This density
variation results in a difference 1n the attenuation of the x-rays
passing through the food product. For example, the density of
bone 1s greater than the density of the meat. Thus, the x-rays
passing through the bone will be attenuated to a greater extent
than the x-rays passing through the meat. As a consequence,
by the scanning process, the existence as well as the position
and size of the defects 1n the food product may be ascertained.
Examples of the foregoing scanning devices are disclosed 1n
U.S. Pat. No. 6,563,904, incorporated by reference herein.

The scanning data can also be used to locate other physical
teatures or attributes 1n the food product that are related to the
angular orientation of the food product. For example, food
products may include cutouts, notches, or other similar physi-
cal features 1n the interior or at the perimeter of the food
product that 1s indicative of a physical attribute of the food
product that can be used to determine the angular orientation
of the food product. For fish, meat, or poultry food products,
these physical features may consist of or be related to ana-
tomical characteristics. For example, as shown 1n FIG. 3, in
poultry breasts, when the neck 1s removed, an indentation or
notch 44 1s typically formed in the adjacent portion of the
breast at the centerline or the keel 19.

As a further physical feature, food products, may com-
monly include a projection extending ifrom the perimeter of
the food product that corresponds to a particular location on
or physical characteristic of the food product. For example, 1n
fish and poultry, the projection may correspond to the location
of the tail, or on fruit, the projection can be a stem. Moreover,
in poultry breasts, as shown in FIG. 3, the tail projection 46 1s
positioned at the opposite end of the breast keel 19 from the
location of the neck notch 44. Thus, for poultry breasts, a line
or axis extending between the neck notch and the tail projec-
tion will coincide with the direction of the breast keel. Thus,
in poultry breasts, the location of the notch 44 and projection
46 can be used 1n combination to locate the direction of the
breast keel, see Line L1 1n FIG. 3. In other types of food
products, a plurality of notches and/or projections may exist
that provide reference locations usable to determine the angu-
lar orientation of the food product.

As another attribute, the scanning information can be used
to determine whether a food product has a linear depression or
indentation that 1s a physical feature or characteristic of the
tood product. Such depression may correspond, for instance,
to an anatomical characteristic of poultry, fish, meat, or other
types of food products. For example, in poultry breasts, a
linear depression may extend along the length of the keel
cartilage line see Line L2 1n FIG. 3. In poultry breasts, this
depression 1s referred to as the keel channel, which may not
necessarily run the full length of the keel and, 1n certain
situations, may be difficult to detect, or even be undetectable.
Nonetheless, 11 present, 1t can be detected by the foregoing
scanning process.

It will be appreciated that x-rays that pass through the keel
channel will be attenuated to a lesser degree than x-rays
passing through thicker locations of the poultry breasts. Such
a line of reduced attenuation x-rays can be detected through
the scanning of the poultry breast. In other types of poultry,
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meat, or fish food products, the removal of cartilage or bones
may also leave a linear depression 1n the food product that can
be detected to determine the orientation of the food product.

As described above, in meat and fish products the density
of bones and cartilage 1s different from the density of the meat
or fish. Thus, by scanning the food product not only can the
presence ol a bone or cartilage by ascertained, but the direc-
tion of the bone or cartilage can also be determined. This
information can be used to establish the orientation of the
food product, including, for example, the orientation of a
chicken breast having the breast cartilage 1n place, a poultry
thigh, with the thigh bone in place, a fish fillet with the

backbone 1n place, a beet side with the ribs in place, etc.

As noted above, the scanning data can be used to develop
the area distribution or volume distribution of the food prod-
uct. From this information it 1s possible to calculate the line of
least mertia (principal axis) from the second moments of the
volume or area distribution of the food product. The principal
axis can then be used to determine the angular orientation of
the food product. This determination can be made using the
basic formula:

I =[v°d4

wherein:
I =the moment of mertia about the axis x
dA=an elemental area

y=the perpendicular distance to the element dA from the
axis X

The foregoing equation 1s a general equation for determin-
ing the second moment of inertia. By manipulating this for-
mula to ascertain the mimimum value of the second moment
of inertia, the location of principal axis of the food product
can be ascertained. This assumes that the food product is
positioned “lengthwise” relative to the direction of travel of
the food product. However, if the food product 1s positioned
“widthwise” relative to the direction of travel of the food
product, then the axis of symmetry of the food productis at a
90° angle from the axis of least inertia. This 1s applicable, for
instance, with respect to poultry breasts. In these situations,
the line of least inertia (IL) can be calculated 1n a direction 90°
to the principal axis (keel line), see Line L3 1n FIG. 3.

FIGS. 4 and 5 1llustrate determining the keel line for the
poultry breast example of FIG. 3 from the principal axis.
Referring to FIG. 4, the poultry breast 1s placed on an arbi-
trary U-V coordinate system, such as may be defined by the
scanner 16. The first step 1s to find the centroid location using
the equations:

(Equation A)

f U dA (Equation C)
Ue. =
A
f VA (Equation D)
V. =
A
Where:

U . 1s one centroidal axis;

V . 1s the second centroidal axis;
dA equals an elemental area; and
A equals total area.

Next, a switch 1s made to the X-Y coordinate system to
determine the second moment of 1nertia, utilizing the basic
Equation B particularized for the X-Y coordinate system as
follows:
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I =[v*dA (Equation E)
I,=]x"dA (Equation F)
I,=|xy*dA (Equation G)

Equations E, F and G provide the principal axis via the least
moment of 1nertia. However, as noted above, the location of
the poultry breast keel 19 will be 90 degrees from the axis of
the least moment of mertia. The location of the keel can be
determined using the equation:

TAN(Q20)=I/(1, 1) (Equation H)

Equation H 1s solved for 0. Thus, using the foregoing
equations, the location of the centroid relative to the X-Y axis
can be determined, as well as the angular onentation of the
poultry breast relative to such coordinate system.

The directional lines or axes, corresponding to the angular
orientation of the food product as determined by the forego-
ing techniques, can be mathematically combined together to
arrive at a “best fit” or “best determination” singular direction
of the line or axes. For instance, each of the lines or axes can
be described relative to an X-Y plane according to the equa-
tion:

Y=M*X+5b

Where:

M 1s the slope of the line, and
B 1s the Y intercept (where X=0).

A sample plot showing such lines 1s set forth 1 FIG. 4.
Using the above poultry breast example, in FIG. 4, Line L1
may be a line spanning between the neck notch and the tail
projection oi the poultry breast; Line .2 may be a line extend-
ing along the keel valley of the poultry breast; and Line L3
may be the axis of symmetry as determined from the axis of
least mertia. In FIG. 4, the Y-axis can correspond to the
longitudinal center line of the conveyor belt 40 and the X-axis
can correspond to the direction transverse to the longitudinal
center of the conveyor belt. Thus, assuming that the lines
plotted i FIG. 4 correspond to the keel line of a poultry
breast, FIG. 4 shows that the poultry breast 1s positioned to the
right of the longitudinal center of the belt when looking
“downstream” of the belt. Also, the keel line of the poultry
breast 1s rotated in the “clockwise” direction with reference to
the conveyor belt.

FIG. 6 plots the precise length of the line or axis deter-
mined from the scanning data using the techniques described
above. As such, this information can also be used to locate the
food product both laterally and longitudinally on the con-
veyor belt. Such information can be used in lieu of, or 1n
addition to, determining the location of the food product
directly from the scanning data, as described above.

The equations for the three directional lines/axes can be
combined using various mathematical techniques, such as
neural networks, fuzzy logic, or best curve fitting. Moreover,
relative weights can be prescribed to the different reference
lines/axes 1 FIG. 6, for example, by applying a correlation
coellicient to Equation B, set forth above. From experience
through the use of the present system and method, over time,
the relative accuracy of the various directional lines can be
evaluated and a correlation coelfficient applied to the equa-
tions representing historical accuracy of each of the direc-
tional lines. For example, experience may show that the direc-
tional line extending between the neck notch and tail
projection 1s generally more accurate than a directional line
corresponding to the keel depression, at least with respect to
angular orientation. On the other hand, experience may show
that the directional line corresponding to the keel depression

(Equation B)




US 7,452,266 B2

9

1s more accurate than the directional line corresponding to the
axis of symmetry determined from the axis of least inertia.
Accordingly, correlation coellicients can be assigned to the
equations for the directional lines on this basis.

The correction coellicient can also be based on the particu-
lar situation for the directional line in question. For example,
as discussed above, a linear depression as determined from
the scanmng information may not run the full length of the
depression. Thus, if the scanning determination finds this to
be the case, then a coellicient value can be assigned to the
corresponding directional line 1n terms of the expected accu-
racy that the data being analyzed 1n fact corresponds to an
actual physical feature characteristic of a food product. Simi-
lar situational evaluations may be made with respect to the
other directional lines.

With the foregoing analysis, a “best determination” of the
angular orientation of the food product can be calculated. Of
course, other techmques can be applied to the determined
directional lines/axes to arrive at the angular orientation of the
food product.

With the location and angular orientation of the food prod-
uct located relative to a reference line, for example, the center
line CL of conveyor belt 40, processing of the food product
can occur. As noted above, such processing might include
trimming, cutting or portioning the food product using vari-
ous cutting devices such as high-speed water jets, lasers,
rotary saws, hacksaws, guillotines and band saws. Cutting,
devices of the foregoing nature are described 1in U.S. Pat. No.
5,931,175 to Piarr, which 1s incorporated herein by reference.
Band saws and blades are described in U.S. Pat. No. 5,937,
080 to Vogeley, et al., which 1s also herein incorporated by
reference.

With respect to poultry breasts, cutting devices may be
used for various processes, including trimming fat from the
poultry breast, cutting out the keel cartilage from the poultry
breast, and portioming the poultry breast into desired end
slices, for example, for sandwich portions, strips or nuggets.

In addition to cutting devices, the food product may be
processed using various types of slicers to slice the food
product mto one or more desired thicknesses. Such slicers
may be 1n the form of a high-speed water jet, a laser, a rotary
saw, a hacksaw or a band saw. Also, the slicer may be adjust-
able so that a desired thickness for each individual food
product 1s obtained.

While 1llustrative embodiments have been 1illustrated and
described, 1t will be appreciated that various changes can be
made therein without departing from the spirit and scope of
the 1nvention.

The embodiments of the invention 1n which an exclusive
property or privilege 1s claimed are defined as follows:

1. A system for processing poultry breasts, comprising:

(a) a scanner for scanning the poultry breasts as the poultry
breasts are being transported past the scanner;

(b) a data processor for processing the data from the scan-
ner and using such data to determine the thickness pro-
file of the poultry breasts;

(c) wherein the data processor 1s programmed to determine
the angular orientation of the poultry breasts relative to
a reference line by making one or more determinations
selected from the group consisting of:
determining the axis of least nertia from the second

moment of the volume or area distribution of the
poultry breasts and converting the axis of least inertia
into the axis of symmetry of the poultry breasts;
utilizing the data from the scanner to determine the
location of a directional line extending between a
pronounced concavity in the margin of the poultry
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breasts corresponding to the location of the neck
notch and a projection from the poultry breasts corre-
sponding to the location of the tail; and

utilizing the data from the scanner to determine the
location of a linear depression corresponding to the
location of the keel channel of the poultry breasts; and

(d) wherein the data processor 1s programmed to use one or

more of the foregoing determinations to establish the
angular orientation of the poultry breast relative to a
reference line.
2. The system according to claim 1, wherein the data pro-
cessor 1s programmed to combine two or more of the deter-
minations to derive the orientation of the poultry breasts
relative to the reference line.
3. The system according to claim 2, wherein the data pro-
cessor 1s programmed to assign relative values to the deter-
minations which are combined to derive the orientation of the
poultry breasts based on the projected accuracy of the deter-
minations.
4. The system according to claim 1, wherein the data pro-
cessor 1s programmed to determine the location of the poultry
breast relative to the reference line.
5. The system according to claim 4, wherein the data pro-
cessor 1s programmed to determine the location of the poultry
breast from the data processor by a technique selected from
the group consisting of:
using the data from the scanner to determine the perimeter
of the poultry breast relative to the reference line; and

using one or more of: the determination of the axis of least
inertia, the location of the directional line extending
between the neck notch and tail projection, and the
determination of the linear depression corresponding to
the location of the keel channel to determine the location
of the poultry breast relative to the reference line.

6. The system according to claim 1, further comprising one
or more cutters to cut the poultry breast along the keel line for
removal of the keel cartilage.

7. The system according to claim 1, further comprising a
portioner for dividing the poultry breasts into selected por-
tions.

8. The system according to claim 7, wherein the portioner
comprising a data processor to determine how to portion the
poultry breast using the determined angular orientation of the
poultry breast.

9. The system according to claim 7, further comprising a
slicer to slice selected cut portions of the poultry breasts into
selected thicknesses to achueve desired physical configura-
tions of the end products portions dertved from the poultry
breast.

10. The system according to claim 1, further comprising a
slicer for slicing the poultry breasts into one or more selected
thicknesses.

11. A method for processing a food product, comprising:

(a) scanning the food product;

(b) developing a distribution map of the food product from
the scanning data selected from the group consisting of
an area distribution of the food product and a volume
distribution of the food product;

(¢) determiming the direction of one or more directional
lines related to the orientation of the food product rela-
tive to a reference line selected from the group consist-
ing of:

a directional line corresponding to the line of least iner-
tia of the food product based on the second moment of
one of the area or volume distribution of the food
product;
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a directional line corresponding to the location of at least
one notch located 1n the food product and at least one
projection located on the food product; and

a directional line corresponding to a linear depression
defined by portions of the food product;

(d) utilizing one or more of the determined directional lines
to determine the angular orientation of the food product
relative to the reference line; and

(¢) using the determined orientation of the food product to
determine how the food product i1s to be further pro-
cessed.

12. The method according to claim 11, wherein the direc-
tional line extends through the food product notch and the
tood product projection.

13. The method according to claim 11, wherein the direc-
tional line 1s disposed along the linear depression.

14. The method according to claim 11, wherein the notch of
the food product corresponds to the location of an appendage
removed from the food product.

15. The method according to claim 11, wherein the orien-
tation of the food product 1s determined by mathematically
combining the determined directional lines.

16. The method according to claim 15, wherein the direc-
tional lines used in the mathematical combination are
assigned values corresponding to the relative perceived accu-
racy of the directional lines.

17. The method according to claim 11, wherein the deter-
mined angular orientation of the food product i1s used to
control the operation of equipment used in the processing of
the food product.

18. The method according to claim 11, further comprising
determining the location of the food product relative to the
reference line; and

using the determined location of the food product, together
with the determined angular orientation of the food
product, to determine how the food product i1s to be
turther processed.

19. The method according to claim 18, wherein the location
ol the food product relative to the reference line 1s determined
from the scanning data.

20. The method according to claim 19, wherein the location
of the food product relative to the reference line 1s dertved
from one or more of the determined direction lines used to
determine the angular orientation of the food product relative
to the reference line.

21. The method according to claim 18, further comprising
using the determined orientation and location of food product
to determine how the food product 1s to be processed by one
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or more methods selected from the group consisting of trim-
ming, cutting, portioning, slicing.

22. Determiming the location and orientation of raw poultry
breasts relative to a reference line, comprising:

(a) scanning the poultry breasts;

(b) generating distributions of the poultry breasts from the
scanning data selected from the group consisting of an
area distribution and a volume distribution of the poultry
breasts:

(¢) determining the position of the poultry breasts relative
to the reference line from the scanning data;

(d) determining the direction of one or more directional
lines related to the axis of symmetry of the poultry
breasts, selected from the group consisting of:
the line of least inertia for the poultry breast calculated

from the second moment of the area or volume distri-
bution of the poultry breast;

a directional line extending between the neck notch as
determined from the scanming data and the tail pro-
jection as determined from the scanning data of the
poultry breast; and

a directional line extending along a linear depression of
the poultry breast corresponding to the location of the
keel of the poultry breast as determined from the
scanning data; and

(¢) determining the angular orientation of the poultry
breast by considering one or more of the determined
directional lines.

23. The method of claim 22, wherein one or more of the
determined directional lines are mathematically combined to
determine the angular orientation of the poultry breast rela-
tive to the reference line.

24. The method of claim 23, wherein 1n the mathematical
combining of the directions of the directional lines utilized 1n
determining the angular orientation of the poultry breast, the
directional lines are assigned a relative value based on the
predicted accuracy of the determined directional line orien-
tation.

25. The method of claim 22, wherein the directional line
determined from the line of least inertia 1s converted into the
axis of symmetry of the poultry breast, which axis of sym-
metry 1s at a 90 degree angle to the line of least inertia.

26. The method of claim 22, further comprising 1n lieu of or
in addition to determining the position of the poultry breast
relative to the reference line from the scanning data, deter-
mining the position of the poultry breast relative to the refer-
ence line by considering one or more of the determined direc-
tional lines.
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